ABSTRACT -Background -Several neurological disorders have also been widely described in celiac disease patients. Objective -The aim of this study was to determine the incidence of accompanying different neurologic manifestations in children with celiac disease at the time of diagnosis and to discuss these manifestations in the light of the recent literature. Methods -This prospective cross sectional study included 297 children diagnosed with celiac disease. The medical records of all patients were reviewed. ResultsIn neurological evaluation, totally 40 (13.5%) of the 297 celiac patients had a neurological finding including headache, epilepsy, migraine, mental retardation, breath holding spells, ataxia, cerebral palsy, attention deficit hyperactivity disorder, Down syndrome and Turner syndrome in order of frequency. There was not any significant difference between the laboratory data of the patients with and without neurological manifestations. However; type 3a biopsy was statistically significantly more common among patients without neurological manifestations, while type 3b biopsy was statistically significantly more common among patients with neurological manifestations. Conclusion -It is important to keep in mind that in clinical course of celiac disease different neurological manifestations may be reported. HEADINGS -Celiac disease. Neurologic manifestations. Child.
INTRODUCTION
Celiac disease (CD) is an autoimmune inflammatory condition mainly distressing proximal small intestine with a prevalence of 0.7%-2.0% in general population (21) . It is an immune mediated disease affecting genetically susceptible cases who express the human leucocyte antigen (HLA) class II molecules DQ2 or DQ8 (11) . This is a disease of malabsorption and the main symptoms include postprandial bloating, steatorrhea, and weight loss. In about 10%-22% of patients with celiac disease; neurological symptoms are reported including ataxia, neuropathy, vestibular dysfunction, seizures, migraine, and headache (3, 22, 24) . The aim of this study was to determine the incidence of accompanying different neurologic manifestations in children with CD at the time of diagnosis and to discuss these manifestations in the light of the recent literature. Also we aimed to compare some laboratory data and biopsy findings of celiac disease patients with and without neurological manifestations. Neurological findings of Celiac disease constitute a wide range and we aimed to increase the awareness of the neurological face of the celiac disease.
The study was carried out in Pediatric Neurology and Gastroenterology Departments of Gaziantep Children's Hospital, Gaziantep, Turkey in between October 2012 and June 2014. The study was approved by local Ethical Committee and informed consent was obtained from the parents of all patients. All patients approving to participate in the study were included.
Diagnosis of CD was made clinically, based on the class IgA anti-tissue transglutaminase (anti-tTG) levels and multiple biopsy (at least 1 from bulb and 4 from the second part of the duodenum) findings of an upper gastrointestinal endoscopy with a flexible endoscope. The biopsy results of all participants were recorded according to Marsh classification ( Figure 1 ) (16) . A single pathologist reported the biopsy results. Gender, age, weight and height of all subjects at the diagnosis of CD were recorded.
Laboratory tests
All of the subjects were examined after an overnight fasting of 8 hours. All participants' hemoglobin, mean corpuscular volume (MCV), red cell distribution DOI: 10.1590/S0004-28032015000300002 width (RDW), platelet count, iron, iron binding capacity, ferritin, vitamin B12 and folic acid levels, liver function tests [including alanine amino transferase (ALT), aspartate amino transferase (AST), and alkaline phosphatase (ALP) levels], albumin, sedimentation, calcium, phosphorus, parathyroid hormone and vitamin D levels, thyroid stimulating hormone (TSH), and free thyroxin levels were studied using the standard methods recommended by the manufacturer. The results of DEXA for osteoporosis screening were also recorded.
Statistical analysis
All 
RESULTS
This is a prospective, cross sectional study. Totally 297 patients, with a mean age of 10.04±4.11 (range: 1-18 years) years, diagnosed with celiac disease are included in the study. Among those 179 were female and 118 were male. When those cases were evaluated; 130 had chronic diarrhea, 50 had constipation; 133 had bloating sensation, 32 had abdominal distention, 174 had growth retardation and 83 had short stature. Stomach ache was reported in 166 cases while 56 cases had vomiting. Hypothyroidism was present in seven cases, osteoporosis was reported in 18 cases, and osteopenia was reported in 17 cases. Anemia was reported in 120 cases and all of them were iron deficiency anemia. The mean symptom starting age of the participants was 64.2±42.3 months. In neurological evaluation of patients headache was reported in 29 (9.7%) cases and migraine was present in 13(4.4%) cases. Epilepsy was seen in 16 (5.4%) cases and among those 10 had generalized seizures while 6 had partial convulsions. Breath holding spells was present in 4 (1.3%) cases. Mental retardation was reported in 12 (4.0%) cases, cerebral palsy was present in 2 (0.7 %) cases, and attention deficit hyperactivity disorder (ADHD) was reported in 2 (0.7%) cases. Down syndrome was reported in 1 (0.3%) case and Turner syndrome was present in 1 (0.3%) case. Ataxia was reported in 2 (0.7%) cases. In conclusion, totally 40 (13.5%) of the 297 celiac patients had a neurological finding.
The comparison of general characteristics and laboratory data of celiac patients with and without neurological findings are summarized in Table 1 . There was not any significant difference between the laboratory data of the patients with and without neurological manifestations.
Among the patients without neurological problems; 3 (1.2%) were having type 1, 7 (2.7%) were having type 2, 174 (67.7%) were having type 3a, 52 (20.2%) were having type 3b and 19 (7.4%) were having type 3c CD according to Marsh classification in their duodenum biopsies. On the other hand, among patients with neurological manifestations; 16 (40.0%) were having type 3a, 18 (45.0%) were having type 3b and 6 (15.0%) were having type 3c CD in their duodenum biopsies and type 1 or 2 were not present. In that aspect; type 3a biopsy was statistically significantly more common among Figure 2 .
glutaminase antibody with the diagnosis of childhood partial epilepsy with occipital paroxysms (12) . Similar with our results Dai et al. (6) reported an increased prevalence of CD among the patients with occipital lobe epilepsy compared with the normal population. They also have reported that these seizures were uncontrollable through monotherapy (6) . However, Vieira et al. and Djuric et al. did not determine an association of CD with epilepsy in their studies (10, 23) . Although ataxia, named as gluten ataxia, was reported as one of the most common neurological symptoms among CD patients, we have reported only two cases of ataxia in this study. Gluten ataxia is mainly reported in CD patients in their adult ages (4) . However, Kieslich et al. (13) reported that two (2.7%) cases had 'mild ataxia', in their study on 75 diet-treated CD patients with a mean age of 11.6 years.
Although the exact cause of neurological manifestations among CD patients is not clear; nutritional, immunologic and inflammatory effects of disease have been suspected. The immunologic pathways are also accused to be responsible for this relationship (17) . Autoimmunity resulting from molecular mimicry between gliadin and nervous system proteins has been proposed to play a role in neurological manifestations of celiac disease (1) . An interesting finding of this study was the statistically significantly more common Marsh type 3b biopsy findings among patients with neurological manifestations. Although, in a recent study, Aleksandra et al. (2) reported that Marsh 3b/c was more common in typical CD patient compared with the atypical presentations, the exact relationship between the histopathological changes and neurological manifestations of CD has not been studied before. However, since histological changes in celiac disease has a patchy distribution and duodenal lesions may vary among different biopsies (20) , this finding is dubious and should be confirmed with larger studies.
Of course there are some limitations of this study that should be mentioned. Mainly, we did not have a control group without celiac disease and we did not compare the prevalence of those neurological manifestations with an age-sex matched celiac-free group. Although this was a prospective study, we could not determine the effects of gluten free diet on neurological findings on follow-ups. Recently, vitamin E deficiency was suggested as a cause of some neurological findings in CD patients (19) but we could not compare the vitamin E levels in this study. Although this is not a real weakness, it may be worthy also to compare the vitamin E levels between these two groups.
It is important to keep in mind that in clinical course of CD different neurological manifestations may be reported. On the other hand in the presence of different neurologic symptoms of unknown etiology and/or resistant to treatment, CD must be taken into account as an underlying disease. Larger prospective studies are warranted to determine the association of biopsy findings with the neurological face of celiac disease.
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In a recent study, Diaconu et al. (8) monitored 48 children with the diagnosis of CD and they reported that 16 (33.3%) presented one or more neurologic symptoms as the onset manifestation of CD. The neurologic signs reported in that study in order of frequency were: headache/migraine, attention-deficit/hyperactivity disorder, epileptic seizures, mental retardation, and cerebellar ataxia and behavior disorders. We have determined the headache (9.7%) as the most common neurologic manifestation in patients with celiac disease. Dimitrova et al. (9) reported the prevalence of chronic headache as 30% in celiac disease patients (9) . Similarly Lionetti et al. (14) determined that 24.8% of patients with CD complained of headaches before the diagnosis of CD as compared with 8% in the control group (14) . The prevalence of epilepsy in CD is reported as 1%-5% and a 1.4-fold increased epilepsy risk was reported in CD patients in an epidemiologic study (15, 18) . Although the exact cause is unknown; the cross reaction of Antigliadin antibodies with synapsin, gluten neurotoxicity or pyridoxine or folate deficiency are all suspected (5, 7) . In another study of us we have reported an increased prevalence of positive immunoglobulin A anti-tissue trans-
